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This paper explores the visual echo chamber effect in online climate Received 5 March 2024

change communication. We analyze communication by progressive Accepted 18 October 2024

actors and counteractors involved in the public debate about climate

change on Facebook, to address the possibility that visual content can Cli . o
. . X . L . . . imate change; polarization

bridge ideologically diverse communities. Specifically, we investigate and partisanship;

whether visual content depicting protest serves this purpose. The quantitative methodology;

findings reveal a small amount of shared visual content. Interestingly, social media; visual

the emotional reactions to this content for the most part diverge communication

significantly, suggesting that pre-existing attitudes, such as climate

ideological position, influence interpretation. Contrary to our

expectations, however, we do not observe visual content representing

protest activity bridging the two groups. This work posits the possibility

of a two-fold (de)polarization around visual content that both connects

and divides, which contributes to a more nuanced understanding of the

social dynamics that create and sustain the echo chamber effect

observed in online climate change debates.

KEYWORDS

KEY POLICY HIGHLIGHTS

e Even when taking into account visual communication, the online
debate around climate change is characterized by the presence of
echo chambers with only a small fraction of content that circulates
among both climate activists and climate skeptics.

e In cases where the same visual content circulates within the two
groups, the emotional reactions are often opposed, with reactions
that are more defined by the pre-existing climate ideological
alignment than with an actual engagement with the content.

1. Introduction

This paper explores the visual dimension of the hypothesized echo chamber in online climate dis-
course. The current consensus is that concerns about social media-defined echo chambers are either
exaggerated or depend heavily on where and how these have been conceptualized and measured
(Bruns, 2019; Vaccari & Valeriani, 2021; Yarchi et al., 2021). Nevertheless, the issue in the case
of online climate communication seems complicated. The presence of separate echo chambers is
a repeat finding (Bloomfield & Tillery, 2019; Briiggemann et al., 2020; Elgesem, 2019; Kaiser &
Puschmann, 2017; vanEck et al., 2021), and recent work shows increasing polarization (Falkenberg
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et al., 2022). This said, there also seems to be more interaction between sides than commonly
acknowledged (Treen et al., 2022; Williams et al., 2015), and there is a possibility that the findings
of starkly separate spheres have much to do with how the matter has been studied.

We focus on the role of visual content in these processes. Images are recognized to be important
in climate communication, helping to bring complex issues close to home, mobilize action, and
shaping support for climate policy (Wang et al., 2018). The capacity to engage attention, establish
an emotional connection, and convey complex information matters particularly on this kind of
issue, which is often experienced as remote (Leiserowitz, 2006). Yet, the role of visual content in
online climate discourse is still little understood.

We argue that visual content has the potential to contribute to a two-fold (de)polarizing dynamic
in this context. On the one hand, it can cross climate ideological boundaries to become a focal point
for engagement from opposing sides, thereby drawing separate spheres together. On the other hand,
audiences may react to it in diverging ways, either due to different ideological, psychological and cul-
tural predispositions, or because the content endorses or denigrates issues they care about or people
like them. This means that engaging with common content can still underpin and amplify dynamics
of antagonism and affect. We expect to see this pattern in relation to various kinds of visual content,
but especially so with respect to images representing physical public protest such as street demon-
strations, which can be expected to garner especially strong reactions in contentious contexts.

In order to examine the visual dimension of online climate discourse, and whether visual content
supports echo chambers in this context, the study analyses the sharing of visual content across Face-
book pages and groups that diverge in climate ideological stance. We ask the following questions:
(1) Is visual content that is posted in the context of progressive action and activism also shared on
pages and groups that oppose progressive climate action and activism? (2) Does the expressed
emotional reaction to visual content change as it is shared in ideologically diverging pages and
groups? (3) Do images of specifically public protest generate diverging reactions?

Our findings show that a small amount of visual content is indeed co-shared by ideologically
distinct pages and groups, and that this content is the focus of emotional reactions that go in sig-
nificantly different directions. This complements earlier findings about an echo chamber type pat-
tern, but also suggests the presence of a (tenuous) common structural component. At the same
time, since the shared visual content underpins emotional reactions that diverge between camps,
it also suggests that seeing the same content does not straightforwardly imply common ground.
Intriguingly, our expectation about the polarizing role specific to the visual representations of pro-
test could not be confirmed.

2. Theoretical background
2.1. Polarization in online climate communication

Many studies of online climate communication indicate that the area is highly polarized (see van
Eck (2024) for an overview). In line with overall findings about public opinion on climate change
(Dunlap et al., 2016; Fisher et al., 2022), the online debate presents as a variant of ideological polar-
ization (Fiorina & Abrams, 2008), with a (growing) distance between the extremes in climate ideo-
logical stance (Falkenberg et al., 2022). Broadly, the research shows that one side affirms the
anthropogenic roots of the climate crisis and supports progressive action to address the problems,
while the other side doubts the anthropogenic roots of climate change and/or supports delaying,
redirecting or blocking progressive action on the issue. In this paper, we refer to the former side
as actors, and to the latter as counteractors (for a detailed definition see Section 3).

The presence of ideological polarization seems to overlap with a structural or interactional
dimension (Yarchi et al., 2021), with actors limiting their engagement to like-minded peers and dis-
engaging with those that hold opposing views. Several studies show the climate actors and counter-
actors to be relatively disconnected and inward-looking, with both groups attending to their own
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sources and little interaction between the groups. Bloomfield and Tillery (2019) find echo chambers
in the circulation of content in climate contrarian groups on Facebook, and similar patterns have
been found on both sides in the climate blogosphere (Briiggemann et al., 2020; Elgesem, 2019; Kai-
ser & Puschmann, 2017; vanEck et al., 2021). On Twitter, Williams et al. (2015) identify predomi-
nantly homophilic groups that communicate amongst themselves in climate hashtags, and Cann
et al. (2021) find weakly connected components when studying media exposure via shared links.

In addition, research suggests the presence of (asymmetrical) antagonism against the other side,
the hallmark of affective polarization (Iyengar et al., 2012). Those opposed to climate action are the
most vociferous, yet their negative sentiments are primarily expressed in internal debate and their
counterparts typically pay little attention in return. Tyagi et al. (2020) found that “skeptics” are
more aggressive toward “believers” in climate hashtags on Twitter, Elgesem (2017) shows contra-
rian bloggers talking more about the progressive mainstream, and Elgesem and Briiggemann (2023)
examine how activist Greta Thunberg became the object of highly emotional criticism by opponents
of progressive climate action on German Facebook. There seems to be an overlap with a structural
dimension also here: analyzing hoax accusations in the English-language climate blogosphere,
Briiggemann et al. (2020) show both sides vilifying each other, but still not interacting directly.

Nevertheless, it remains unclear if the divides in online climate discourse are as sharp as they
would first appear. While the evidence for online climate echo chambers is strong, it is also chal-
lenged by studies that call for greater attention to the type(s) of polarization at play, how the affor-
dances of particular social media platforms underpin them, and the consequences of
operationalization. In their Twitter study, Williams et al. (2015) found not only homophilic echo
chambers but also mixed-attitude open forums when considering @mentions as opposed to fol-
lowers and retweets. Similarly, Treen et al. (2022) argue that the characterization of online climate
discourse as polarized is shaped by a focus on platforms with specific sets of affordances (predomi-
nantly Twitter). Focusing on Reddit, they discern polarization in themes and sources of infor-
mation, but little evidence of echo chambers in network structure: all the communities are
interlinked within a single-cluster giant component.

In this paper, we consider the possibility that some kinds of content may be engaged with and
shared in ways that pull in different directions. We contend that such content may transcend
boundaries to reach and engage online audiences that are climate ideologically opposed, thus
becoming implicit points of connection that complicate the clean echo chamber view. However,
we also posit that such content may simultaneously become a focal point for contrasting emotions
in ideologically distinct realms, thus potentially becoming objects that support diverging issue per-
ceptions and emotional dynamics. Visual content is of particular interest in this regard.

2.2. Mobilizing meaning and emotion via visual content in social media

A strong tradition of research addresses how visual content contributes to shaping citizen engage-
ment with climate issues, action and policy (see Wang et al. (2018) for an overview), and it is already
clear that the role of visual communication is amplified on social media platforms that are primed
for attention and engagement. On Twitter, for example, messages with visual content such as
photos, infographics, memes and videos are proportionally more shared (Goel et al., 2016). How-
ever, visual content also has a more complex role to play.

For the large-scale dynamics at issue in this paper, the key is not the isolated image, but the reac-
tions, repetitions and negotiations around it. While strategic actors such as advocacy organizations
and activists extend their communication efforts in social media (Boulianne et al., 2020; Hopke &
Hestres, 2018; Qian et al., 2024), it is also worth noting the role that platforms and audiences play in
the visibility of the content and the affective practices (Wetherell, 2012) that develop around it. User
engagement feeds the algorithmic curation of visibility and, together with platform signals of atten-
tion and engagement (e.g. metrics, comments, emoticons, likes, and reshares), leave traces that con-
tribute to the emotional framing that fresh audiences encounter. This is important, since
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engagement signals impact user perceptions of salience (Spartz et al., 2017), and emotional framing
plays a part in how (visual) information shapes public perception of climate change (Feldman &
Hart, 2016; Meijnders et al., 2001; Nabi et al., 2018; Sanford et al., 2023; Yuan & Lu, 2020).

With this in mind, it is crucial to consider the possibility that visual content can transcend
boundaries to forge connections but also deepen divides. This can happen for two reasons. For
one, audiences are likely to engage differently with content that overtly attacks or supports groups
and positions with which they identify and agree (or oppose). Studies on right-wing nationalist
communication illustrate how visual content is simultaneously used in both inward-looking pro-
cesses of meaning-making and out-group attacks. For example, Hokka and Nelimarkka (2020)
trace the affective economy (Ahmed, 2004) of how national-populist thinking is reinforced through
images that evoke fear, anger, resentment and distrust of immigrants and refugees in groups on Fin-
nish Facebook. They suggest that the visual themes gain power in transnational travel, even if trans-
lation and reframing are required for local fit and fight (see also Doerr, 2017; McSwiney et al., 2021).
Ross and Rivers (2019) present examples of such adaptation work in the online climate debate in
their study of how “convinced” and “skeptical” sides adapt the same popular memes and media
frames to their own logics.

A second reason is that even less polemical visuals may spark distinct patterns of attention, reac-
tion, and engagement among audiences with differing ideological, psychological, or cultural predis-
positions (Domke et al., 2002). This is what Von Sikorski (2022) describes as visual polarization:
when the identical image affects audiences with different prior attitudes in distinct ways and thereby
contributes to polarized issue perceptions. While individual-level reactions cannot be predicted,
previous research has shown the role of predispositions along three paths. The first is with respect
to subtle visual cues, such as background in-group cues or darkness/lightness cues, which have
respectively been shown to prime preexisting values such as patriotism and interact with media
trust in assessments of political candidates (Dan and Arendt, 2021, 2024; Von Sikorski, 2022).
The second is with respect to emotional cues such as hope, fear, anger, and aggression in the actual
visual content or its accompanying text and comments (Feldman & Hart, 2016; Yuan & Lu, 2020). A
third path runs via the polysemantic potential of motifs and frames. While cross-cultural audiences
respond similarly to some classic climate visual themes, climate and political ideological predispo-
sition seem to condition reactions (Chapman et al., 2016).

In combination, the significance of both visual strategies and diverging reactions is likely to be
more salient in online contexts that involve contention. Under fraught conditions, valence diverges
for visual themes that become associated with partisan actors (Feldman & Hart, 2016), and as noted,
such divergences can become enhanced in the affective practices around the content. Further, con-
tentious contexts may involve actual protests, and images of protest stand out in their potential to
be both empowering and divisive. While indications of successful mobilization encourage suppor-
ters (Casas & Williams, 2019; Doerr et al., 2013), evidence of a movement gaining ground also incite
the countermovement (Meyer & Staggenborg, 1996; Staggenborg & Meyer, 2022). Moreover, exper-
iments involving protest imagery show asymmetrical reactions along psychological or ideological
profiles (Gutting, 2020), and partisan alignment in disapproval of (even nonviolent) out-group pro-
test (Croco et al., 2023). While previous research has also identified visual features that tend to
attract online engagement across the board (e.g. the presence of human faces, Li and Xie
(2020)), protest images are a likely case in which the two-fold dynamic of connection and division
would appear.

2.3. The potential for two-fold (de)polarization around visual content in online climate
communication

The discussion in the previous sections implies a number of expectations about the role of visual
content in online climate communication. If climate ideologically diverse social media audiences
engage with the same visual content, we expect this to occur with differences in degree and valence
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of engagement such as shares, comments, and codified emotional responses (e.g. the Love, Angry or
Laughter buttons on Facebook). Moreover, expressed reaction to content that is clearly associated
with one side is likely to be asymmetrical: not only will each side engage more with content from
their own side in online climate communication, counteractors are likely to focus more and with
greater hostility on actor content than the other way around.

Further, in a contentious area such as this, we expect images related to mobilization (e.g. protest)
to be particularly inflaming in ways that will leave explicit traces of this kind. Previous work on
visual climate discourse on Twitter and Instagram finds protest images to be prevalent alongside
other content types such as data visualizations, infographics and memes, and images of nature
and technology (Mooseder et al., 2023; Qian et al., 2024). While protest images make up only a
small portion of the data, they attract notable engagement: In ten years of #climatechange on Twit-
ter, protest pictures are the proportionally most shared (Mooseder et al., 2023). Differentiating
within this engagement, we assume that actors are likely to be supportive of protest on their
own side, but that counteractors may seize on such images with reactions such as anger, aggression
or a mocking stance.

More broadly, the previous discussion also suggests that analytical focus on the visual dimension
has the potential to add a distinct perspective on the issue of echo chambers and polarization in
online climate discourse. If visual content offers common focal points across climate ideological
divides while supporting distinct patterns of emotional engagement, such image-focused dynamics
would both complement and complicate the notion of echo chambers in online climate discourse by
suggesting points of connection and divergence that have not been accounted for.

Moreover, taking the visual dimension into account brings us back to the underlying discussion of
how polarization is conceived and measured in the study of online climate communication and why it
matters. The phenomenon in focus here hinges on audiences associating different substantive mean-
ing and sentiments with the same visual content. To capture the expressed emotional response, a
dichotomy or linear spectrum of opposites (such as anger/joy, love/hate) is not always appropriate,
since audience reactions do not always run on the same scale (e.g. pitting anger against solidarity, but
also encompassing different directions such as sadness, fear, or amusement). As we unpack further in
the method section, this entails a different approach from the classic models that focus on distance in
positional extremes (e.g. as in ideological polarization; Fiorina & Abrams, 2008), or intensity (e.g. as
in the “feeling thermometer” approach to affective polarization; Iyengar et al., 2012).

2.4. Research questions

Given this theoretical backdrop, we ask the following research questions in order to analyze the
visual dimension of online climate discourse, and in particular whether visual content supports
signs of echo chambers between pages and groups with different climate ideological positions on
Facebook:

RQ1 Is visual content posted on Facebook pages and groups that are active in the context of progressive cli-
mate change action and activism also shared on ideologically diverging pages and groups?

RQ2 Does the expressed emotional reaction received by visual content shared by climate action supporting
pages and groups change when it is shared on ideologically diverging Facebook pages and groups?

RQ3 Does visual content representing physical protest for climate action generate emotional reactions that are
different from the ones generated by other types of visual content, when shared online by climate action sup-
porting pages and groups? And is this different from the reaction it receives from ideologically diverging groups?

3. Data and method

The data builds on online communication in a curated list of public Facebook pages and groups that
have been manually coded as actors or counteractors. The label “actor” refers to those who advocate
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for more urgent action against climate change, and “counteractor” refers to those who support cli-
mate change denialism and/or object to progressive action on climate change. Besides being the lar-
gest social network site in the world, Facebook is used by both groups (Bloomfield & Tillery, 2019;
Tandoc & Eng, 2017). Moreover, Facebook groups and pages allow a wide range of reactions to the
content that gets posted, which in turn enables an exploration of the audiences’ emotional reactions.
We here focus on a single platform. While a comparative perspective across multiple social media
would be of extreme interest, social media platforms are largely defined by their affordances as well
as localized cultures and practices, making direct comparisons both technically and theoretically
challenging.

We situate this study in relation to European climate actors, which provides both a more trans-
national and a more locally situated context than the generic English-language setting that is com-
mon in the study of online climate discourse. Our initial list of pages and groups was compiled by a
team of domain experts from the PolarVis project through a multi-stage process with the goal of
including not only the major organizations that are active and visible in the public debate about
climate change, but also the galaxy of local groups, communities and semi-formal organizations
that play a role in shaping the debate and its public perception (Castro et al., 2016; Hoppe et al.,
2016). First, the experts adopted an inclusive filter by adding pages and groups even if they were
only loosely connected with the topic. Then, by looking at their latest posts, we removed the
more marginal groups operating at the topical borders of the climate debate (e.g. advocating for
better cycling infrastructure or food self-production), if the majority of their content was deemed
to be off-topic. The final list of pages and groups counts 423 European public Facebook pages and
groups from the Austrian/German region (267 entities), the Nordic countries (87 entities), and
Great Britain (46 entities), in addition to international actors that cannot be geographically associ-
ated to a single European country (e.g. Fridays for Future International).

Of those 423 Facebook entities, 258 have been manually labeled as actors and 165 have been
labeled as counteractors. We designated as actor pages or groups that implicitly or explicitly in
profile and/or recent posts affirm anthropogenic climate change as problem, and/or support pro-
gressive action on climate change, and/or support civic mobilization (e.g. protest action) to this
effect. We labeled pages and groups as a counteractor if they implicitly or explicitly in their
profile and/or recent posts deny anthropogenic climate change as problem, and/or reject progress-
ive action on climate change, and/or reject civic mobilization (e.g. protest action) for progressive
action on climate change.

To build the database of visual content for this study, we first used CrowdTangle to collect all the
public posts shared by the 258 actors between July 1, 2023 and October 15, 2023. We selected a time
period in which there would be protest action in the form of climate strikes, but avoiding the more
dispersed contention that occurs during the COP summits. We expect this to be a conducive case to
find contention related to protest images. 3,500 of the 7,256 collected posts contained visual con-
tent, identified as a photo element by the CrowdTangle API This technical detail also defines
the type of content that we take to be visual content: We consider any kind of Facebook content
that is uploaded as an image in a post to be visual content, since it is displayed as such to the
user. This means that we also include images representing text or combinations of texts and pictures
(e.g. memes) as visual content.

We then used the CrowdTangle API to retrieve all' the other Facebook posts that shared visual
content contained in our initial 3,500 posts. This amounted to 12,507 posts made by an extended set
of 5,436 public Facebook groups and pages (including the 258 originally coded as actors and 39 of
the originally coded counteractors). Importantly, co-sharing should here be understood to imply
co-exposure to the same visual content, rather than visual content propagating directly from actors
to counteractors. More specifically, it encompasses sharing as generated through any of the mech-
anisms allowed by Facebook, e.g. directly sharing a post from the initial list of pages and groups,
sharing a post not in our initial list but linking to the same content, or posting a link to the
same visual content without directly sharing another post. Moreover, it concerns sharing the
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link to the same image, as opposed to the actual image itself. Different pages or groups may share
the same picture through multiple links, but this analysis only encompasses the cases in which they
post the same link, which is what happens when the Share button is clicked on Facebook.

Given this dataset of images, the analysis is based on three main elements: (a) an ideological
score, to categorize pages and groups that were not present in our initial list along an ideological
axis that goes from actors to counteractors; (b) a protest score, to define if an image represents a
physical protest; and (c) an emotional reaction score, to measure how much the online reaction
to an image leans toward positive or negative feelings.

3.1. Ideological score

The majority of the 5,436 pages and groups that shared the visual content posted by our initial
list of 258 actors and counteractors were not in that initial, manually coded, list. To address this
problem, we adopted a method tested by Arminio and Rossi (2024). The method relies on the
intuition that one can leverage the word embeddings of the textual content produced by several
pages and groups to cluster them into thematically and ideologically coherent sets. To do this,
we collected the last 100 Facebook posts for each page and group that shared the visual content
(including those for which we had manual labeling). We then translated all the textual content
into English using the Google Translate API and calculated the word embeddings per each post
using the ada-002 model made available by OpenAl. Word embeddings are a way to represent
text as multidimensional vectors and are commonly used to measure similarity between texts or
their sentiment. Given the high number of dimensions available with contemporary models
(ada-002 outputs 1536 dimensions per embedding) they are able to numerically represent not
only the topic of a text but also the words and adjectives used for it (Kenter & De Rijke,
2015). The embeddings for every post have then been reduced to a single dimension with the
t-SNE method (vander Maaten & Hinton, 2008) and an average value for each page/group
has been calculated. This allowed us to estimate a score (ideological score) per each entity
that represents both the topics that are usually discussed by that entity as well as the tone
with which those are discussed.

Due to the reliance of the method on textual content, a large number of pages and groups (4,522)
did not receive an ideological score because they either did not produce content in a language cov-
ered by the Google Translate API or did not produce textual content at all (i.e. only sharing visual
content, links, or videos). These groups seem primarily dedicated to sharing and resharing visual
content, and seem to exist mainly to collect members through visual clickbait. They do not other-
wise appear to have anything in common: they vary in size, geographical origin and type of content
shared. These pages and groups with unknown ideological scores are reported in Table 2 but were
excluded from the statistical testing.

To validate this labeling, we used the manually coded pages and groups that were present both in
our initial list and in the list of pages and groups that shared visual content from actors. This
included 29 counteractors. On this ground truth, our validation obtained an F1 score of 0.85.

3.2. Detection of images of protest

Once the shared visual content was identified, we determined which parts represented some kind of
physical form of protest, such as violent or non-violent scenes of protest performance or civil dis-
obedience (e.g. bodily roadblocks or activists glueing themselves to artworks), street demon-
strations, protest occupation, and close-ups of activists involved in such activities (e.g. holding
protest signs). To do so, we used the model developed by Won et al. (2017). This model is based
on a Convolutional Neural Network specifically trained for visual representation of protests produ-
cing a protest score that can be used to classify images. This model has been previously used in a
number of studies to classify the visual content of protests shared on social media (Rossi et al.,
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Table 1. Examples of images at various levels of protest score.

Score

2023; Won et al,, 2017). This model has been trained on data that include a very specific visual
esthetic (and tactic) of “protest”. Thus, the final protest score can be read as a measure of how
close a specific image gets to the model’s ideal-typical image of protest, which centers on a
group of people standing or marching on a street with signs. Looking at Table 1 should clarify
this concept, which comes with limitations that we will return to in Section 5.

To tune the model to our context, we created a validation dataset containing 159 images. These
images were obtained as follows: 10 were manually selected examples of protests from our dataset,
60 were the results of the query “climate change protest” on Google image search, from which we
selected photos matching our definition, and 84 were images shared by our actors that we manually
checked to determine that they did not represent any protest activity. We used this validation data-
set to identify the optimal threshold for the protest score to label a picture as a protest picture. We
iterated through all the possible values of protest score and we set the optimal level to .70, which
produced a Precision of 1.00, a Recall of .84 and an F1 score of .91. We then calculated the protest
score for all the images in the dataset and labeled the images with protest score equal or higher than
.70 as “protest images”. Manual inspection of the results confirmed our decision.

3.3. Emotional reaction score

We focus on expressed emotional reactions as codified by the Facebook response buttons. To evalu-
ate how Facebook users reacted to the visual content, we use the emotional polarization score
defined by Muraoka et al. (2021). The emotional polarization score leverages the reactions that
Facebook allows users to express toward any content they see on the platform. It measures the rela-
tive share of Angry reactions over Love reactions for each post. It is calculated as:

Proportion of Angry reactions + 1

Proportion of Love reactions + 1

A score lower than 1 indicates that Love reactions dominate over Angry reactions, while a score
greater than 1 means the opposite. It is worth highlighting, as done by the original authors, that
this score does not consider the intensity of the overall emotional response—that would instead
have been measured by considering the absolute number of reactions rather than proportions.
Moreover, the measure comes with some caveats: First, it focuses on only two types of reactions
out of the many enabled by the social media platform. Second, it is possible that considering only
Love might underrepresent the positive reactions since the design of the Facebook interface offers
a greater range of positive than negative reactions. These concerns should be kept in mind when
we interpret the results in the following sections, but it should also be noted that the original
authors of the metrics tested it quite extensively and found it robust. Third, while Muraoka
et al. (2021) call their measure “emotional polarization”, we will refer to it as emotional score,
because we use it to compare reactions to the same image in different posts and not to examine
polarized reactions to the same post. In particular, we apply the emotional score to the content
shared on different pages or groups in order to measure the diversity in emotional reaction to the
same content depending on the climate ideological alignment of the context in which the content
is shared.
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Table 2. . Reshares (N =12,507) of posts published by our initial set of actors. Percentage values refer to the total number of
posts within the specific category (e.g. 1.7% of the 12,507 reshared images represents visual protest and were co-shared by
actors).

Co-shared by Represents
(type of actor) visual protest
|
o YES: 1,7%
actors
NO: 41,4%
: ’ YES: 0,0%
S ; counter actors
et of images NO:  3.1%
shared by
selected actors YES: 1,0%
not labelled —<:
NO: 52,7 %

4, Analysis

The first research question speaks directly to the issue of echo chambers in the context of the public
debate around climate change. It asks if Facebook pages and groups that we assess as actors and
counteractors in this space share the same visual content. We investigate the question by measuring
the volume of visual content shared by actors that was also shared by counteractors. Recall that we
here perform the analysis not at the level of the picture itself but at the level of the link to the picture
shared on Facebook.

Table 2 shows the percentage of visual content representing and not representing visual protest
that is co-shared by actors, counteractors, and unlabeled pages and groups (these are the pages and
groups that we were unable to label on the ideological scale, as described in Section 3.2). It is evident
that the vast majority of co-sharing takes place within ideologically homogeneous entities. This
finding is in keeping with an echo chamber scenario where communication remains largely
defined by ideologically homogeneous parts of the network. Nevertheless, we do observe a small
fraction of visual content that is indeed co-shared and constitutes what we can conceive of as a
bridge across ideologically diverse communities.

This leads us to our second research question, which addresses whether content triggers different
expressed reactions when it is shared within actor or counteractor online spaces. For this question,
we leverage the emotional reaction score introduced in Section 3.1. The emotional reaction score
measures the proportion of reactions that are Angry or Love and gives us a measure for how
much the expressed reactions of the public of that Facebook group or page lean toward one feeling
over the other. Figure 1 shows a statistically significant difference” between the reactions that the
same content receives in actor space and counteractor space. Although the effect is small, it is
clear that the reaction leans toward Love when visual content is shared by actors, but that this
effect largely dissipates when the visual content is shared by counteractors, with reactions, in
that case, concentrating on a neutral score.

These results show that there are differences in the reception to the content that depend on the
context in which it is shared, which is worth exploring further. Leveraging the emotional reaction
score we can measure, per each visual content that is co-shared among counteractors, both the
direction of the change in reaction to an image (e.g. from mostly receiving Love reactions to receiv-
ing a more balanced amount or even shifting toward Anger reactions), as well as the extent of this
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Wilcox p-value: 0.000 - Effect: small

<- Love/Anger —>

2.0

Actor Type

H actor
counter.actor

Density
5

0.5

0.0

0.5 1.0 1.5 2.0
Love <- —> Anger

Figure 1. Emotional reaction score for visual content shared by actors and counteractors (N = 4118 posts)

change. To do this, we take the emotional reaction score that the content received when shared by
actors as the starting point, and the emotional reaction score received when shared by the counter-
actors as the end point. In the following plot, “toward anger” should be read as content that has a
higher (closer to Anger) emotional reaction score when shared by counteractors than when it is
shared by actors.

Figure 2 shows the amount of visual content that changes emotional reaction score when shared
by counteractors, as well as the intensity of that change. It is interesting to observe that the reception
to the vast majority of content changes emotional value (e.g. shifting from leaning toward Love, to
leaning toward Anger and vice versa), but also that the extent of this change is significantly stronger
when content changes from an emotional reaction leaning toward Love to an emotional reaction
leaning toward Anger.

So far, answering our first two research questions, we see that although most visual content
shared by actors is not shared in ideologically opposed parts of the Facebook network, a small frac-
tion is in fact co-shared by both actors and counteractors. Although only a fraction, we also see that
this co-sharing corresponds to a change in the reactions that the content generates, with a substan-
tial decrease in positive Love reactions and a moderate increase in Anger reactions.

Turning to the last research question, we now consider the role played by visual representations
of protest. The underlying intuition is that in this type of contentious context, images of physical
protest should have a larger emotional effect compared to other types of content that reach ideo-
logically opposed parts of the Facebook network.

The results go against our expectations on this point. Figure 3 shows the emotional reaction
scores for protest and non-protest images shared by our initial group of actors. We observe a stat-
istically significant shift toward Love reaction for images representing physical protest. We interpret
this to mean that images representing protest activities elicit support among like-minded users.

However, as we see in Table 2, there is not a single image representing physical protest in the
content co-shared by counteractors. Visual content representing protest for climate action receives
positive emotional reactions when shared on the Facebook pages or groups of pro-climate action
actors, but this does not spark a reaction or result in an increased potential to breach the echo
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80
60 Direction
. stable
40 .
. towards anger
20 - towards love

0

stable towards angertowards love

Wilcox p—value: 0.010 — Effect: small

1.5 [ ] [ ]

°

. . .

1.0 ° Direction

°

‘ towards anger
0.5 ‘ towards love
0.0
towards anger towards love

Figure 2. Direction and extent of change in emotional score for visual content co-shared by counteractors (N = 186). Wilcox p-
value: 0.010 — Effect: small.

chamber barrier. On the contrary, in this data, representations of protest do not enter the counter-
actor network at all.

At this point, although this paper overall takes a quantitative approach, it is useful to discuss
qualitative examples of the dynamic we are describing, both as a sanity check and as a way to
more fully grasp the phenomena we are observing. While visual content representing physical pro-
test does not reach counteractors, we saw that other content does, and that this content generates
different displays of emotional reaction depending on where it is shared. We here provide two
examples that illustrate emotional transitions in contrasting directions.

Figure 4 exemplifies an image that was hated when shared among the actors and loved when
shared among the counteractors. The image has the esthetic of a meme and was shared among
Swedish actors and counteractors. It shows an elderly man with a face that is partially covered
with what looks like black paint and the text “In Great Britain they throw black paint to the climate
activists that stop the traffic by sitting on the roads. Thanks for the tip!.” Reactions were mostly
amused when the content was shared on the counteractor side, while the image was taken as an
example of the violence of the “other side” when shared among the actor groups.

The expressed reactions to the image in Figure 5 run in the opposite direction. The image refers
to a recent installation of large wind turbines in Germany and comes with a text that summarizes
the incentives that have made the local community welcome the project. When shared on actor
pages the comments were overwhelmingly positive and included statements like “Best Practice!”
or “So was nennt man Fortschritt.”®> When shared in a counteractor group the tone of the comments
changes radically and includes critical or negative comments such as “Stinkt nach Bestechung”™* or
“Wenn es fiir diesen Wahnsinn keinen Widerstand gibt, kann es nur an der Dummbheit und
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Wilcox p-value: 0.000 - Effect: small

4 <- Love / Anger ->

oy Protest

0

S 2 [[] FALSE
o

/\ ] TRUE

Emotional score

Figure 3. Emotional scores for protest (n =89) and non-protest (n = 2735) images shared by actors.

Naivitit der Schipkauer liegen,” together with longer comments detailing the perceived limitations
or economic problems of wind energy.

These examples are relevant on two levels. First, they illustrate the polysemantic nature of images
and how audiences approach visual content from the standpoint of prior attitudes regarding the
issue and each other. This is what makes it possible for audiences to find an image such as Figure 4
amusing or offensive depending on where they are positioned on the issue and in the contentious
relationship with the other side. Second, these examples indicate that the emotional reaction score
measure was successful in capturing such complex qualitative dynamics by flipping direction when
the images were shared in diverging ideological spaces.

5. Discussion

This paper has examined the visual dimension of the purported echo chambers in online climate
discourse. Analyzing communication in European climate discourse on Facebook over an extended
period of time, we investigated to what extent visual communication provides common ground
between opposing camps. Our findings show that actors and counteractors share a small set of
visual content, and that this content elicits diverging reactions that correlate with the ideological
positions of the respective online spaces.

Contrary to our expectations, there was no evidence that counteractors co-shared any images
representing physical protest, a type of image we had expected to be the object of strong and highly
opposing reactions if shared. It is possible that a factor in the absence of co-sharing in this case
could be that the global climate strike movement—which had received a large amount of attention
in the preceding years—was losing momentum by the time of our data collection and may therefore
have been less in focus as a target for its opposition. More concretely, it may reflect two key limit-
ations already highlighted about our approach: Our method for identifying protest centers on mass
street demonstrations, whereas the data was collected at a time when attention may have shifted to
include select civil disobedience tactics. Meanwhile, we analyze image links, which likely
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| Storbritannien slanger man svart
farg pa miljoaktivister som sitter
i vagen for trafiken. Tack for tipset!

Figure 4. An image in the dataset that saw a changing polarity in reactions depending on the ideological alignment of the Face-
book space in which it was shared.

underestimates the actual presence of co-shared images. Still, our unexpected null result on this
question calls for further research to see if it holds with other operationalizations, over different
time periods, and across other platforms that support different visual climate communication cul-
tures (Pearce et al., 2020; Qian et al., 2024). It will also be relevant to analyze and compare reactions
to the other types of categories of visual content that have been shown to be prevalent in online
climate communication (Mooseder et al., 2023; Qian et al., 2024).

Overall, this set of observations complements the theoretical debate we outlined in Section 2.
That only a small fraction of visual content is shared confirms the presence of an echo chamber-
type structure also when it comes to the visual dimension in online climate discourse. It seems cli-
mate actors and counteractors move in largely distinct visual worlds (on Facebook), and this pattern
is in keeping with the text-based studies of online climate communication (Bloomfield & Tillery,
2019; Kaiser & Puschmann, 2017; Williams et al., 2015). As most large-scale analyses have been
based on Twitter or blogosphere data, our study extends this work by presenting evidence support-
ing the pattern also on Facebook.

Importantly, however, our findings also nuance the debate by confirming the workings of a two-
fold dynamic associated with the visual content that is in fact shared. In the tenuous bridge of co-
shared content, we observed how it triggers different, often opposing, reactions in the respective
spaces, whether underpinned by different climate ideological positions or direct conflict between
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'Hochstes Windrad Deutschlands

soll in der Lausitz entstehen
— konkret in der Gemeinde Schipkau.
Knapp 7000 Menschen leben dort.

Anders als in vielen Gemeinden gab es /
keinen Widerstand gegen das Windrad,
Was in der Gemeinde anders lauft,
steht im Beschreibungstext.
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Figure 5. Another image in the dataset that saw a changing polarity in reactions depending on the ideological alignment of the
Facebook space in which it was shared.

the groups. Methodologically, this lends support to the notion that polarized patterns that come
into view depending on the aspect we examine (Treen et al., 2022; Williams et al., 2015). Substan-
tively, it suggests that the sheer presence of a network giant component, where present, does not in
itself provide or give evidence of meaningfully shared ground. What is more, and deserving of
further research, it suggests that shared (visual) sources that simultaneously connect and divide
can harbor seeds for contentious commentary and emotional framing that underpin further
polemics among new audiences in online discourse over time.
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More broadly, the findings confirm that in order to gain a full understanding of the dynamics
underpinning echo chambers on social media, we need to connect the phenomenon more firmly
with the study of predisposition and confirmation bias (Del Vicario et al., 2017; Modgil et al.,
2024). While recent research has pointed to the role played by algorithmically curated feeds in
the creation of informational echo chambers (Gonzalez-Bailon et al., 2023; Guess et al., 2023),
we emphasize that exposure to alternative sources is only part of the story. Analyzing contact
and exposure need to be matched by attention to how ideological position and other predispositions
mediate perceptions of and reactions to (visual) content.

In addition to its empirical and theoretical contribution, this paper has introduced a number of
methodological innovations in the computational analysis of visual content and estimating the
ideological alignment of online entities. While these methods have clear limitations—which we
acknowledge in the following section—they open a wide range of research possibilities when ana-
lyzing social media data that is both increasingly central to political communication and increas-
ingly visual in nature.

5.1. Limitations

The complexity of social media data and the computational nature of the methods underpinning this
paper present some limitations that should be acknowledged and understood. For one, despite having
monitored four months of data, the content representing physical protest turned out to be quite
scarce and it is possible that the response to such content could follow different patterns in periods
in which protest activity is more intense or characterized by more extreme acts of protest. Further
analysis of data collected over time is needed to confirm or reject the trends that we have observed.

Second, our results are clearly dependent on the metrics that we have adopted to measure com-
plex concepts such as ideological position and the emotional reaction generated by visual content.
In particular, the emotional reaction (or emotional polarization) score, while used and validated in
previous research (Kaur et al., 2019; Muraoka et al., 2021), has limits when applied to our context.
For one, it does not capture textual comments that might contain more nuanced opinion about the
post in question. Moreover, it reduces the polarization dynamic to only two reactions, Love and
Anger, ignoring all other reactions allowed by Facebook. While a platform design that encourages
positive and supportive reactions over what is perceived as negativity is clearly not neutral to the
data it produces, it is also possible that users adopt different ways to convey their discontent, e.g.
laughing as a way to mock what the image represents. Additionally, reducing opinions to an
emotional expression makes it impossible to properly identify the actual “target” of that feeling.
For example, if a protest image shared within an activist group were to represent the police arresting
protesters, some within the group might express their solidarity through love toward their fellow
activists while others might express their anger by hating the police action.

Third, when moving from one ideological space to another, images can easily be explicitly re-
framed in their textual description. In this study, we are unable to distinguish if the expressed
emotional reaction is due to the audience reacting to the visual content, to the text or - as is most likely
- to both. While the textual framing and the visual interpretation are undoubtedly connected, it is
possible to imagine cases where images would not immediately generate a clear emotional reaction
and where a re-framing operation would lead the audience toward a specific emotional stance.

Fourth, as noted, relying on the content link is a sound way of identifying the same visual
content, but it also likely underestimates the volume of visual content actually shared. Diverse
links may potentially be used to share a large amount of identical content. Unfortunately, the
identification of identical images is a non-trivial task from a computational perspective, since
very small changes to an image file (e.g. when an image is slightly cropped or has a different
file format) tend to be identified as two distinct images by the most commonly used algorithmic
approaches such as image hashing (Monga & Evans, 2006) or color histogram (Liu & Yang,
2013). There is room for further research also here.
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Notes

1. Limited to the content available via Crowdtangle, e.g. no private posts are included.

2. Inthis and the following analysis, given the non-normal distribution of the scores, we performed a Wilcox test
for statistical significance and effect size (Tomczak and Tomczak, 2014).

3. “That”s what you call progress”.

“Stinks of corruption”.

5. “If there is no resistance to this madness, it can only be due to the stupidity and naivety of people from
Schipkauer”.
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